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HEAT TRANSFER AND ·PRESSURE DROP CHARACTERISTICS OF HFC-l34a 
IN A HORIZONTAL_ HEAT TRANSrER TUBE 
• I. 
• 
Kunikazu-Torikoshi, Katsuhiro K4wabata 
and Takeshi Ebisu· 
Mechanical Engineering L;o,boratory 
Daikin Industries, Ltd. 
1304, Kanaoka-cho, Sakai, Osaka, Japan. 
ABSTRUCT 
The evaporation and condensation heat transfer .and pressure drop characteristics for HFC-134a in a horizontal tube have studied experimentally. During the courses of both evaporation and condensation experiments, the saturation temperature of the refrigerant, and mass flux and oil concentration in the refrigerant were varied parametrically. A smooth tube and an inner finned tube were used as the tube to_be tested. In addition to the oil-free evaporation and condensation experiments, another experiments were performed to investigate the effect of oil-refrlgerant mixture on the heat transfer and pressure drop characteristics. The present evaporation and condensation heat transfer coefficients for HFC-134a without oil in the smooth tube were found to be about 25% higher than those for CFC-12 at similar. mass fluxes. Furthermdre, it was found that the pressure drop through the smooth tube for HFC-134a become about 10% . larger than those for CFC-12· in evaporation experiments. 
In the oil-refrigerant mixture experiments, the results indicated that both evaporation.and condensation heat transfer coefficients for HFC-134a were influenced on_.the oil concentration at a large mass flux. 
NOMENCLATURE 
A surface area, m2 
c Oll concentration, 
d Tube diameter, mm 
Fin height of inner finned tube, mm 
G Mass flux, kgtm2s 
hr Heat transfer coefficient.' W/m2K 
K Overall heat transfer coefficient, W/m2K 
n Number of fins ' 
t.p Pressure drop across tube, kPa/m 
p Pitch of fins, mm 
Q Heat quantity, W 
Rm Thermal reslstance in inner tube, rn2K;W 
Ts Saturated temperature. K 
t.·r Log mean temperature difference, K 
t Tube wall thickness, mm 
~ 









Th~ refrigerants of CFC-11 and CFC~l2 have been
 frequently used as the 
wo.-king fluids in .-efrigerators and air~co
nditioning mach1nes. The 
production of their specific I"efrige.-ants·of CF
C-11 and CFC-12 is. however, 
.-egulated due to ozone depleting substances, 
since the agreement of the 
Montreal Protocol has been reached in 1987. T
he ag.-eement of the Morit.-eal 
Protocol has greatly influenced refrigeration an
d air-conditioning industries 
so that the development of the alternative ref
rigerants is intensified in 
response to the .-egulation of producing a
nd consuming the speciflc 
refrigerants. With regard to the altern
ative refrige.-ant for the 
refrigerant of CFC-12. which is employed w
idely in freeze.-s and air-
c:onditionlng machines for automobiles, the 
refrigerant of HFC-l34a is 
considered as a potential replacement refrigeran
t for CFC-12 because HFC-134a 
is believed to be environmentally acceptable 
with a zero ozone depletion 
potential. 
In addition to the thermal and chemical stabi
lity, non-toxicity and 
thermal properties. preliminary informat
ion about heat transfer 
characteristics of HFC-134a is needed before it 
is int.-oduced commerclally. 
In spite of the p.-actical importance of heat tr
ansfer information for 
HFC-134a to design air-conditioning machines an
d freeze.-s, there have been 
very few wo.--ks dealing wi~h ~he evaporation an
d condensation heat transfer 
and pressure drop across heat transfer tube. 
Eckels and Pate
111 determined 
experimentally the evaporation and condensation
 heat transfe.- coeffic1ents 
for HFC-134a and CFC-12 during .in-tube two-phas
e flow. Their experimental 
results indicated the evaporation heat transfe
r coefficients for HFC-134a 
were. 35 to 45% higher than those for CFC-12 an
d also the condensation heat 
tranefer coefficients for HFC-134a were 25 to 35
% higher than t·hose for CFC-
12 at the same mass fluxes. F.urt.her, Hambraeu
s 121 examined the evaporation 
heat transfer characteristics of HFC-134a ins1de
 smooth-horizontal tubes·and 
compared the heat transfer results for HFC-13
4a with those for HCFC-22. 
The experimental results showed that oil·-free
 HFC-134a had a higher heat. 
cransfer coefficient than HCFC-22 at the same he
at and mass fluxes. In the 
study, a fu.-ther finding indicated that there w
as a continuous decrease in 
t.he evaporation heat transfer coefficient with 
increasing 011 content (20% 
lower at 2% m/m EXP-0275 oill. Moreover, Kudo,
 et a1. 1l 1 studied the effect 
o[ PAG oil on the local evaporation an
d condensation heat tra.nsf~r 
coefficients for HFC-134a in a square tube of 3.
 5mm in .inner diamet.er and in 
a small tube of 3.9mm in i~ner diameter. Th
ei.- results showed that both 
local evaporation and condensatlon coeffic1ent
s decreased with an increase in 
~he oil concentration into the refrtgerant. 
In order to establish a design method of the
 new air-condltioning 
machines due to the use of HFC-134a, however. mo
re detailed information about 
evaporat1on and condensation heat transfer cha
racteristics for HFC-134a is 
still lacking. The present study has been per
formed to extend the previous 
heat t.-ansfer data necessary for the practical
 design of air-conditioning 
machines. In particular. ~he evapor~tion 
and condensat1on heat transfer 
€xperiments for HFC-l34a were carrted out using
 a horizontal smooth copper 
tube and an inner finned copper ~ube having 9.5
mm in outer d1ameter which 
were different f.-om those in the previous studie
s'"- 131 • 
The present study done is one of the R&O program
s of Technology Research 
Association of Super Heat Pump Ene.-gy Accumulat
1on System. entrusted by New 
Energy Industrial Technology Development Organlz
ation (NEDO) . 
EXPERIMENTS 
2 J ExpertmeptQl apparatus 
A schematic diagram of the apparac.us employed i
n the present study for 
determining both evaporat.ion and condens.ation 
heat. r.ransfer coefficients in a 
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single horizontal tube for HFC-134a is shown in Flg .1. 1\s seen in the figure, the system ie mainly made up of a refrigerant loop and a water loop. In the design of the experimental apparatus, a special feature was incorporated to enable both evaporation-and condensation experiments. 
Refrigerant flow directions in both evaporation and condensation experiments are indicated by arrows in Fig.l, respectively. The main components of the refrigerant loop in the apparatus include, a test section, a pump for circulating the refrigerant of HFC-134a into the refrigerant ,loop, a flow meter, a heating section and two heat exchangers. In place of a compressor, the pump was used to examine accurately the effect of a mixture of 
"efrigerant and oil on evaporation and condensation heat transfer coefficients. The_ flow meter was connected upstream of the test section to 
~easure a refrigerant flow rate. The refrigerant flow rate through the test section was regulated by valves and by controlling input power added to the pump. To control the quality entering the test section, the heating section was located just before the test sect ion. The pressure drop of the refrigerant across the test section was measured with two pressure 
transducers located at the inlet and at the outlet of the test section. The main heat exchanger was installed in· the refrigerant loop to regulate the 
pressure of the refrigerant. In addition, the auxiliary heat exchanger was connected downstream of the pump to liquidize completely the refrigerant 
entering the pump. 
The water loop was used co supply water to the annulus side of the test section for the purpose of heating or coollng the refrigerant flowing in the tube to be tested. The water loop includes the double tube test section, a pump, a flow meter and a constant temperature water bath. The water flow rate was set by the pump. To measure _the inlet and outlet temperatures of the water and the refrigerant in the test section, a pair of Pt resistance sensors were located at both the inlet and outlet of the refrigerant and 
'"ater sides of the test section. 
Details of the test section is illustrated in Fig.2·. As shown in the figure, the test section consisted of the inner copper tube, whose dimensions are 9.Smm in an outer diameter and 4000mm 1n length. and the outer stainless steel tube having an inside diameter of 22.2mm and a length of 4000mm. The clearance between the inner tube and the outer tube of the annulus was maintained at 6.4mm. 
In the present study, the smooth tube and the 1nner finned tube were ~sed as the inner tube in which the refr1gerant flowed. The geometry of che inner finned tube is schematically shown in Fig.3. 
The test section, the refrigerant and water loops were thermally well i.nsulated by glass wool lnsulation. In particular, the test section was equipped with vacuum layer in the outer tube t~ m1nimize heat loss from annulus of the test section. 
~ 2 Exoerimeptal prqqedpre 
Prior to the 1nitiat1on of data runs, noncondensables were removed from 
~he refrigerant loop by a vacuum pump. Evaporation heat transfer ;oxperiments were performed under the condi t1ons that the qual_i ty at the inlet cf the test sect1on and the superheat at the outlet of the test section were .naintained at the desired values listed in Table 1, respectively. on the vther hand. dur1ng the course of the condensation heat transfer experiments, :he superheat at the inlet of the test section and the subcooling at the cutlet of the test sect1on were set at the des1red values, as l1sted in the table. In both the evaporation and condensation heat transfer experiments, the mass flow rate ranged from 45 to 200kg/m2s. 
In addition to ~he o1l free refrigerant experiments, the effect of oil 
concentration in the refrigerant on the heat transfer character1stics during 
~vaporat10n and condensation was examined within 0.7 to 6.5%. PAG oil was 
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used as lubrication oil. Further. the evapo
ration and condensation data 
runs for CFC-12 were carried out to compare 
with those for HFC-134a at 
similar conditions. ~he experimental conditi
ons in the present study is 
~ummarized in ~able 1. 
During two different experiments on evaporation 
and condensation, all of 
t".he Pt resistance sensor~ flow rat·e and pres
sure tr-ansducer readings wer~ 
tneasured by a data logger when steady-state cond
itions were reached. 
.• 3 DATA REDUCTION 
The main object1ve of the data reduction proce
dure was to yield the 
evaporation and condensation heat transfer coef
ficients for the refrigerant 
in a horizontal tube. ~he starting point of th
e data reduction procedure is 
Lhe definition of the average heat transfer coe
fficients over the length of 
the test tube on the refrigerant-side: 
(1) 
1n which Ao and Ai are the surface area~ of the 
outside and inside of the 
~est tube, respectively. Further, the quan
tity Rm denotes the thermal 
,-esistance at the 1nner tube and hw is the
 water· side heat transfer 
coefficient. ~he heat transfer coefficien
t, hw in !:he annulus was 
determined using the well-known Dittus-Boelter c
orre·lation. 
In equation (1), the quantity lC presents the 
overall heat transfer 
~oefficient and is defined here as follows: 
( 2) 
Ln which Qw is the heat quantity transferred in the te
st section and ~T is 
the log mean temperature difference. ~he heat 
quantity, Qw, was calculated 
:rom an energy balance on the water-side flo
wing in the annulus·. ~he 
Lemperature difference, tl ~, was determined
 from the 1nlet and exit. 
·.emperatures of the annulus and from the saturati
on temperatures at the inlet 
and exit of the test tube. The value of the sa
turation temperature used in 
,_he present study was taken account of the pr
essure drop across the test 
t.;.ube. 
~o check heat balances on the water-side and the
 refr>gerant-side of the 
cest section, compar>sons between both the heat
 balances were made. ~s a 
,_onsequence, both the heat balances were found to
 be within 5% for all runs. 
4 RBSUL~S AND DISCUSSION 
·1 1 Hear tranpfer and pressure drgp c
hqracrerist; cs gf § $IDQQbh tJJhg for 
()']~free reftJ ggrant 
Ia) Evaporation characteristics The 
evaporation heat transfer 
coefficient results obta>ned for oil-free refri
gerant of HFC-134a at three 
different saturation temperatures are plotted
 in fig.4 as a function of 
~efrigerant mass flux. In addition to the hea
t transfers results for ¥.FC-
134a(open circle triangle and square symbols),
 the figure also shows t:.he 
~esults for CFC-12. Inspection of the figure r
eveals that both evaporation 
r:eat. t:.ransfer coefflcient results for HFC-134a 
and CFC-12 increase with an 
1ncrease in mass flux and also the results 
for HFC-134a increase with 
t.emperature. ~he increased values of the 
hr•v• appearing at h1gher 
,·aturation temp<;>ratures are brought about by
 the increased ent.halpy of 
·;aporizat1on. Further, a comparison between 
the evaporanon results for 
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HFC-134a and ~hose for- c~C-12 shows clear-ly that the for-mer- r-esults become about 25' larger- than ·the latter ones at the so!ll!le mass flux-._- A s1gnificane increas·e· in evapciracion heat transfer' coefficien~s fo·r HFC-~134a- relative ·to chose. for- CFC-12 is ascdbed to the incr-eased- liquid thermal conductivity of HFC-134a. . ' . . 
Another vecy impo·nant issue for designer- is to evaluate pr-essure drop through the -test tube ·during evaporation-.· Both the pressur-e drop result-s for HFC-l34a and cFCc12- -are ·presented in Pig. 5 .· The results in the figure are given for- the oil-free refrigerants of HFC-134a and CFC-12. The figur-e" ·shows that -the pressure drop for -HFC-134a increases with decreasing the saturation ·temP.,rature. Further inspect:>"on of the· figure r-eveals that there is an evident difference between the" results for- HFC-134a and those for CFC-12. The fact that the pressure drop for HFC-134a becomes about 10% larger than that for CFC-12 is mainly caused by the lower gas density of- HFC-134a compared to· that of CFC-12. 
(b) condensation characteristics Condensation· heat· transfer coefficient and pressur-e drop across a horizontal smooth tube for HFC-134a will now be discussed and compared with heat tr-ansfer and pressur-e drop results for CFC-12. Condensation heat transfer coefficient results for HFC-134a are presented in Fig.6 together with the results for CFC-12. Data for HFC-134a were obtained at three temperatures of 40 ~. 50 t and 60 t. 
The curve showing the heat transfer results for HFC-l34a indicates chat the heat transfer coefficient increases as the mass flux increases. such a qualitative trend in·the heat transfer result for HFC-134a is similar to that for- CFC-12. A'quantitative examination of the condensation heat transfer coefficient results for- HFC-134a and those for CFC-12. however, shows that che results for HFC-134a are about 25% larger than those for CFC-12. This 19 pr-obably due to the higher liquid thermal conductivity, specific heat ahd 1atent heat of HFC-134a, when compared to'. those. of CFC-12. 
On the other hand, pressure drop information dur-ing condensation for ,{FC-134a is presented in Fig. 7. The figure also shows the resuLts for CFC-12. By examining the pr-essure drop r-esults appeared in the figure, it :s found that both the results for HFC-134a.and CFC-12 are almost coincident. 
4 2 Heat trgnsfgr and pressure drop cbp,rgcterisrjcs qf g SIDQQth tqbe for gil~pi!friq.;ranr mixture 
From the pr-actical standpoint of designing air-conditioning machines and freezers. note should be taken of information about heat tr-ansfer and pressure drop characteristics for an oil~refrigerant mixture. (a) Evaporation characteristics The evaporation heat t:r-ansfer coefficient results for- an oil-refr-igerant mixture ar-e presented in Fig.B as a funct1on of mass flux. rn the figure, data are given for- four differ-ent concentrations of oil in the refriger-ant' of HFC-134a. An overall ;>erspeccive on the evaporation heat t'ransfer results for the oil-refrigerant OTiixture and those for the pure refri:gerant reveQ.ls a complicated trend that the value of hr.~. increases with increas1ng the oil-concentration at small c. while the value of hr•v. decreases at large ·c. For instance. the 3% concencration of oll leads to a 30% inc~ease oE evQporaLion heat transfer coefficient: relat:ive to the pure refriger-ant. 
Furr:her, the pressure drop results for an OlJ-r-efrtgerant mJxture dre depicted in Fig. 9. The figure shows that the pressur-e drop results ~nc~ease monotonically with increasing the concentration of oil into che refr-igerant. Fr-om both figures indicated above, it lS evident that the heat transfer and pressure dr-op characteristics for an oil-refrigerant mixture are strongly influenced ori the concentration of oil into the refrJ..gera.nt. 
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(b) Condensation characteristics 
Representatfve condensation heat 
transfer coefficients for the oil-refriger
ant mixture experiments at the 
temperature of 50 'Care presented i.!'l Fig.lO. Inspection· of Fig.lQ. reveals 
a paeeern which is qualitatively" similar 
to thae encountered in the pure 
refrigerant experiment. That is, the h
eat transfer results to an oil-
refrigerant mixture in the range from 1
. 5 to 5.5% during condensation 
increase with an increase in the mass flux 
and also the results for an oil-
refrigerant mixture become almost the same re
sults for the pure refr~gerant. 
The pressure drop results for an qil-refr
igerant mixture at the 
temperature of 50 'Care presented in Fig.ll
-for all three concentrations of 
oil. To provide perspective on the effe
ct of the concentrat10n of oil, 
results are also shown for the case of the 
pure refr1ge.-ane. It is seen 
from the figure that the results for a
n oil-refrige.-ant mixtu<"e are 
lnsensitive to the concentration of oil into 
the refrigerant. 
4 3 Hept t00Sfgr and preespre drgp char
qct;eristjc§ of qn jnper fiped tube 
fgr pyre refrjgergpt apd oil~refrigerant mix
ture 
An interesting and practically important issue 
is to evaluate the heat 
transfer and pressure drop characteristics
 of an augmentated-inner finned 
tube which is frequently employed in air-co
nditioning machines. Figs.l2 
through 15 have been provided for this purpo
se. 
(al Evaporation characteristics The e
vaporation heat transfer results 
fo.- the inner fined tube a.-e displayed in 
Fig.l2 for two mass fluxes as a 
function of the concentration of oil. The
 figure also compares the results 
for the fined tube with those for smooth tub
e. Inspection of Fig.12 shows 
a pattern with the concentration of oil wher
eby the hrevo increases at first, 
attains a maximum, and then decreases. T
he extent of the augmentation is 
affected by the mass flux. Furthermore, 
a comparison between the results 
for the inner finned tube and those .for th
e smooth tube .-eveals that. che 
former results are larger chan the latter 
ones. The behavior that the 
hrl~va jncr~ases with increa:::;ing the concentr
-ation cat. small c is t:.har. the 011 
1n the ref.-igerant acts to augment the bubbl
e nucleation. On the contrary, 
the reason for the decrease in the hr••• a
t la.-ge C is p.-esumably brought 
about by the restriction of evaporation,bec
ause of the existence of oil in 
the ~ef.-igerant. 
· 
Further. the pressure drop .-esul ts are pre
sented· in Fig .13 . The 
figure shows that the pressure drop is depen
dent of the value of c. It is 
seen that relation between the pressure drop
 result and the mass flux for the 
inner finned tube·is nearly coincident with 
that for the smooth tube. 
(b) Condensation characteristics T
he condensation heat eransfe.r 
coefficient results for inner finned tube ar
e plotted in Fig.l4 as a function 
of the value of c. The figu.-e shows tha
t both the .-esults fo.- the inner 
tube at two cases of mass flux decrease mono
tonically with an increase in the 
concentration of oil into the refrigerant a
nd are also different from those 
for the smooth. Such a monor.onic dec
rease in the condensation heat 
transfer of the inner finned tube for an oil
-ref.-igeranc m1xture is believed 
due to ~he existence of the oil film occurre
d at the wall of the inner finned 
tube. The aforementioned oil effect dur
ing condens .. tion .-_eflects to :ol;!e 
increased pressure drop ~esults for 
an oil-refrigerant mixture which ar
e 
displayed in Fig.15. 
5 conclusions 
The experiments reported herein were perform
ed to investigate both heat 
transfer and pressure drop characteri
stics during evaporation and 
condensation for HFC-134a >n a horizontal
 single tube. Of parc;cular 
interest from the standpoint of practical
 appllcanons is the effect of 
concentration of oil on the heat transfer and
 pressure drop characteriscics. 
172 
In addition to the case of a smooth tube to be tested, the heat 
transfer and pressure drop characteristics of an inner finned tube were 
investigated. In the oil-free refrigerant experim,enta,, both tl:le the 
evaporation and c:ondensati'on heat transfer coefficients of a smooth tube for 
HFC-134a were found to be about 25\ higher than those .for. CFC-12, The 
pressure drop results for HFC-134a became about 10% larger than those for 
CFC-12 in the evaporation experiments. , 
In the oil-refrigerllnt mixture experiments, the evaporation and 
condensation heat transfer .results for HFC-134·a were markedly influenced on 
the oil concentration. Furthermore, an interesting result for the inner 
finned tube indicated that the heat transfer characteristics were more 
strongly affected on the concentration of oil. 
REFRENCES 
11) Eckels, S.J.and Pate, M.S., Int.J.Refrig., 14-311991),70-77. 
12) Hambraeus. K., Int.J.Refrig., 14-1111991), 357-362. 
(3) Kudo, M., et a1., Proc.JAR Annual Conf., 11990), 10Sc1Q8 lin Japanese). 
173 
® Pressura translucar 
@ Ollleran~al P"""'ure 
transducer 





llaw.;noc:tlor -___ 7,.. ..... t:k.1 Closed opened Opened Closed I 
Fig. I Schematic diagram of experimental apparatus 
OUter 1u1>e Inner IUbtl r= c~ 
Vacuum layar lnsulaVon 
I, . 4000 
Fig. 2 Detail of test section 
,~L---~~~~~~--~~--~~ 
1D 100 1000 
G to:tim2s 
Fig. 4 Evaporation heat transfer coefficients for 









of test sBCtlon 
OuUet condidon 















superheat. subcooling • 












Fig. 3 Geometrical parameters 



















Fig. 6 Condensation heat111111Sfer coefficients for 




Fig.. 8 Effect of oil concemration in refrigerant 
for HFC-134a ·on evaporation heat 
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Fig. 9 Effect of oil concentration in refrigerant 
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Fig. 15 Effect of oil concentration in refrige
rant 
on pressure drop 
